Sea quark contents of the octet baryons are investigated by employing an extended chiral constituent quark approach, which embodies higher Fock five-quark components in the baryons wavefunctions. The well-known flavor asymmetry of the nucleon sead −ū, is used as input to predict the probabilities ofū,d ands in the nucleon, Λ, Σ and Ξ baryons, due to the intrinsic five-quark components in the baryons wave functions.
I. INTRODUCTION
Though the baryons valence quark distributions are known to be flavor asymmetric, till mid-nineties those of the sea quarks were assumed to be symmetric. However, In early 80's, Thomas [1] 
This unexpected large asymmetry between the down and up antiquarks distribution in the nucleon was confirmed by other measurements in various 0 ≤ x ≤ 1 ranges at CERN [3] ,
Fermilab [4] [5] [6] and DESY [7] .
Those measurements imply the breaking of the so-called Gottfried sum rule [8] , which expressed in terms of parton distribution [9] , has the following form:
where F p 2 and F n 2 are the proton and the neutron structure functions. A symmetric sea assumption gives the Gottfried sum rule: I G = 1 3 . (Note that the original sum rule published by Gottfried [8] was much simpler and rather naive; for steps having led to the above expression see, e.g. Sec. 2.2 in Ref. [10] .)
Evidence for the breaking of the Gottfried sum rule motivated a large amount of effort to understand the origins of the nucleon sea, either perturbative or nonprturbative, as reviewed by several authors [10] [11] [12] [13] [14] .
Perturbative mechanisms are generated by the gluons splitting into quark-antiquark pairs.
The only nonperturbative gluonic process is due to gluon condensate [15] , as investigated in the soliton based approaches. Other sources of the nonperturbative mechanisms are being extensively studied, as summarized in the following.
In the meson cloud scheme, a variety of approaches has been developed; namely, bag model [1, 16, 17] , light-cone meson-baryon fluctuations of intrinsicpairs [18] [19] [20] , onepion-exchange [21] , meson-baryon effective Lagrangian [22] [23] [24] and quantum fluctuations of the baryon [25] . The light antiquarks are generated by the nucleon fluctuations into Fock states |πN and/or |π∆ . Then,ū arises from |π − ∆ ++ ,d from |π + n and |π + ∆ • , while uū and dd related to π • are assumed to annihilate. A rather comprehensive set of fluctuations includes the following Fock states [23] : |πN , |ρN , |ωN , |π∆ , |ρ∆ , |KΛ , |K * Λ , |KΣ , |K * Σ . Finally, reggeizing [21] the virtual mesons was a significant step in the meson cloud approaches.
A more evolved meson cloud formulation is based on the large-N c limit of QCD, where the baryons are treated as chiral solitons via collective excitations of mesons [26] [27] [28] [29] [30] [31] .
In the same line, chiral constituent quark models (χCQM) [23, [32] [33] [34] [35] [36] [37] [38] [39] concentrate on the meson cloud, where the virtual pion couples directly to a quark. It is worth pointing out that within a χCQM [36] the breaking of the Gottfried sum rule also for baryons other than the nucleon is predicted.
Moreover, dedicated studies on the quark-antiquark decomposition in the sea quark are also being extensively performed within effective QCD [40] [41] [42] [43] , lattice QCD [44] [45] [46] and statistical balance [47, 48] .
A pertinent non-perturbative source is due to genuine higher Fock components in the baryon wave function. In 1981, in order to interpret the large cross section of charmed particle production in hadron collisions, Brodsky and collaborators [40, 41] postulated the existence of the |uudcc configuration in the proton; called the BHP S model. That approach was recently extended [42, 43] to the light quarks sector, describing nicely data ford −ū andū +d − s −s.
The present work is dedicated to the investigation of the flavor sea components, arising from the five-quark components, in the ground state baryons; namely, N, Λ, Σ and Ξ.
Our formalism is based on an extended chiral constituent quark approach and embodies all possible five-quark mixtures in the baryons wave-functions. Such higher Fock-components have been proven to be quite significant in describing the properties of baryons, their electromagnetic and strong decays [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] .
In order to fix the only adjustable parameter of our model, we use as input the result extracted from the measurement performed by the FNAL E866/NuSea Collaboration [6] d −ū = 0.118 ± 0.012 .
Using our model, we put forward predictions on the probabilities of uū, dd and ss.
Comparisons with results from other works are also reported.
The present manuscript is organized in the following way: in section II, we present our theoretical formalism which includes the wave functions and couplings between three-and five-quark components. Expressions for the couplings and the five-quark configurations energies are derived and all of the relevant associated orbital-flavor-spin configurations are singled out. Numerical results are given in section III, putting forward predictions for the probabilities of different five-quark configurations, as well as those of the sea content of the baryons. Finally section IV contains summary and conclusions.
II. THEORETICAL FRAME
In order to investigate the sea content of the octet baryons, we employ the extended constituent quark model (E-χCQM), in which wave function for a baryon is expressed as
where the first term is the conventional wave function for the baryon with three constituent quarks, and the second term is a sum over all possible higher Fock components with a QQ pair. Here we denote light quark-antiquark pair as QQ ≡(with q ≡ u, d,) and strange quark-antiquark pairs as QQ ≡ ss. Different possible orbital-flavor-spin-color configurations of the four-quark subsystems in the five-quark system are numbered by i; n r and l denote the inner radial and orbital quantum numbers, respectively. Finally, C inrl / √ N ≡ A inrl represents the probability amplitude for the corresponding five-quark component.
In the present case, we consider the ground states of baryon octet, whose parities are positive, so that the orbital quantum number l must be an odd number 1, 3, · · · 2n + 1. The total spin S of a five-quark system can only be , so l cannot be higher than 3
to combine with S, forming spin 1 2 for the baryons considered here. All of the five-quark configurations with l = 1 and n r = 0, which may form higher Fock components in the proton [51] , can directly be extended to other baryons of the octet. We will discuss later the five-quark configurations with l = 3 and n r = 0.
The coefficients C inrl in Eq. (4) can be related to the coupling between the valence three-quark and the corresponding five-quark components
whereT is a model dependent coupling operator, M B the mass of baryon B and E inrl the energy of the five-quark component, as discussed in the next two Subsections.
A. Couplings between three-and five-quark components for baryon octet
Here we use a 3 P 0 version for the transition coupling operatorT
where γ is a dimensionless constant of the model as discussed later, F 00 i,5 and C 00 i,5 denote the flavor and color singlet of the quark-antiquark pair Q iQ in the five-quark system, and C OF SC is an operator to calculate the orbital-flavor-spin-color overlap between the residual three-quark configuration in the five-quark system and the valence three quark system.
To derive the matrix elements ofT between the three-and five-quark configurations, we need explicit wave functions for the latter ones. As shown in Ref. [51] , if we limit the orbital quantum and radial quantum numbers to l = 1 and n r = 0, respectively, then, there are 24 different five-quark configurations which can form possible components in the proton. For the four-quark subsystem in these five-quark configurations, the orbital wave functions are [4] [22] S . Explicit forms of these wave functions for the proton can be found in Refs. [51, 61] and using the same approach allows inferring the wave functions for the other octet baryons.
Notice that there are two separate classes of wave functions with the flavor symmetry [31] F , relation and difference between these two are explained in Ref. [51] . Here we denote these two as [31] Table I. As discussed above, we have to consider the five-quark configurations with l = 3. In this case, total spin S of the five-quark system should be 5 2 , so that the spin wave function of the four-quark subsystem in such five-quark configurations must be [4] S , namely completely symmetric. Our calculations show that the couplings of a three-quark system to that set of five-quark configurations vanish. Consequently, five-quark configurations with l = 3 cannot exist in the ground state of baryon octet.
With respect to the five-quark configurations with n r ≥ 1, the probabilities of these excitations in the octet baryons turn out to be negligible, because on the one hand the matrix elements of the coupling transition operatorT between three-quark and n r ≥ 1 five-quark components are much smaller than those for n r = 0, and on the other hand the energies should be at least several hundreds MeV higher.
Consequently, we consider only the five-quark configurations with l = 1, n r = 0 as candidates of higher Fock components in the octet baryons. The derived matrix elements T for the 34 five-quark configurations show that only 17 configurations survive and matrix elements T for all other ones vanish. We list the former configurations in Table II 
with
where ω 3 and ω 5 are the harmonic oscillator parameters for the three-and five-quark components in baryons. The parameter ω 3 can be inferred from the empirical radius of the proton via ω 3 = 1/ r 2 , which yields ω 3 ≃ 246 MeV if we take r 2 = 1 fm. Moreover, if the confining potential for the quarks is taken to be color dependent [62] , we can simply obtain the relation between ω 3 and ω 5 as
which leads to ω 5 ≃ 225 MeV.
B. Energies of five-quark components
The five-quark configurations listed in Tables III, IV and V share the same energy if we neglect the hyperfine interaction between the quarks and the constituent mass difference between the light and strange quarks; we denote this energy as E 0 . Then, the energy of a given five-quark configuration with number i reads
where,
with E h i the energy caused by hyperfine interaction between quarks, n s i the number of strange quarks in the corresponding five-quark system and δm = m s − m the mass difference between the constituent strange and light quarks. To consider the hyperfine interaction between quarks, we employ the flavor-spin dependent version in the chiral constituent quark model [62] ,
where λ a i denotes the Gell-Mann matrix acting on the i th quark, V M (r ij ) is the potential of the M meson-exchange interaction between i th and j th quark. Since the hyperfine interaction between a quark and an antiquark is negligible, after taking into account the overall symmetry of the wave functions, H h can simply be replaced by an operator acting on the first two quarks
Then, ∆E i in terms of E h i , Eq. (11), is obtained by
where Table II , respectively. C
Clebsch-Gordan coefficients.
As discussed in Section II A, we need to consider only the five-quark configurations with the spin of the four-quark subsystem being [22] S and [31] S . Explicit calculations lead to the following matrix elements:
Now we have to consider the matrix elements of the flavor operators, which are linear combinations of the spatial matrix elements of the two-body potential
which are defined as
where |lm represents the spatial wave function. Within exact flavor SU(3) symmetry,
and explicit calculations for matrix elements of the flavor-dependent operator lead to the hyperfine interaction energies given in ref. [51] . To analyze the flavor asymmetry of the sea contents, includingū,d ands, in the baryon octet, we have to take into account the flavor SU(3) breaking, which implies P
In addition, we have to treat properly the three subsets of the sea components; namely, the η-exchange interaction for pairs of light quarks(V uū (r 12 ) or V dd (r 12 )), one light and one strange (V us (12) or V ds (r 12 )) and two strange quarks (V ss (r 12 )). We take P 
C. Probabilities of sea quark components
In Table (VI) our results for probabilities of(q ≡ u, d) and ss are given for each of the 17 five-quark configurations reported in Table (II) . Using expressions in Tables (III) to (V),
we get the probabilty of the sea quark in each baryon B
where the normalization factor reads
Notice that in Eq. (24) the first term is due to the valence three-quark states, while the second term comes from the five-quark mixtures.
III. NUMERICAL RESULTS AND DISCUSSION

A. Adjustable parameters
In addition to the values given in Eqs. (9, 21, 22) , for quarks masses difference, we used the common value δm ≡ m s − m q = 120 MeV.
To get the numerical results, we still need to determine the values for two other parameters, E 0 and V .
The first parameter E 0 , Eq. (10), is determined from other sources, as explained below.
This quantity can be calculate employing a constituent quark model approach
where m j denote the constituent quark mass and V 0 a model parameter which represents the energy contributed by the inharmonic part of the potential for the five-quark system.
Consequently, E 0 is dependent on three parameters. The value for V 0 not being known well enough, we use themeson cloud approach to fix directly E 0 . Actually, the first two five-quark configurations listed in Table II are very similar to the πN and π∆ meson clouds, and a commonly accepted [10] ratio for the probabilities of the former to the latter one in the nucleon is 2. Here we use this value to determine the probabilities of the various five-quark configurations for the octet baryons, which leads to
The only adjustable parameter of our model is then V , determined using the data. The flavor asymmetryd −ū of the proton, related to the probabilities ofcomponents P5q , is given by the following expression:
are linear functions of V (ū,d), the value of which is adjusted by using as input the data [6] for the flavor asymmetryd −ū of the nucleon
leading to
B. Results and discussion
In Table ( Predictions of our model for the sea content of the octet baryons, in particle basis, are given in Table (VII) , with, in addition, extracted values ford −ū,ū +d andū +d +s.
Our result for the total sea probability in the proton, Table (VII) 7 th column, is close to those reported by Chang and Peng [43] . This latter work is a generalization of the approach developed by Brodsky and collaborators [40, 41] (G-BHPS) investigating uudcc five-quark components in the proton. The most significant difference between our results and those in
Ref. [43] concerns the ss component.
For uū and dd components of the sea in all baryons studied here, predictions have been reported by Shao and collaborators [35] , both in chiral quark (χCQM) and meson cloud (MC) approaches. The chiral quark results [35] show significant discrepancies with our findings. The most drastic case concerns the proton and only results for Ξ • agree in the two approaches within 2σ. Notice that in Ref. [35] effects arising from the SU(3) symmetry breaking have not been included. Results coming from the meson cloud span a rather large ranges which include our results, except in the case of Σ • and, to a lesser extent, Ξ
• . In
Ref. [35] the same probability has been introduced for πN, πΛ and πΣ, which is an ad hoc assumption.
Within a QCD-inspired unquenched quark model (UqQM) flavor asymmetries for ground state baryons were investigated [34] . Compared to our results, the main trend of the UqQM predictions show an overestimate. However the relative flavor asymmetry A Ξ • /A p turns out to be by far much closer within UqQM and our results as compared with those reported by Shao and collaborators [35] .
In the case of Σ + sea, we findd >ū >s, as in the case of the proton. Our results endorse findings in meson cloud sector, e.g. within light-cone meson-baryon fluctuations [20] and meson-baryon effective Lagrangian [22] approaches.
Another relevant quantity is the suppression factor (κ) of the nucleon strange quark content with respect to the non-strange sea quarks
where κ = 1 would indicate a flavor SU(3) symmetric sea, while the CCFR collaboration [63] has reported κ=0.48±0.05 (see also Ref. [64] ). The present work leads to κ=0.4, in good enough agreement with the data. In Ref. [65] , investigating the "NuTeV anomaly" [66] within a penta-quark model [49] , that quantity was fixed at κ ≈0.5, and provided P ss =(3-20)%. The upper limit of P ss allows explaining about 10% of the anomaly within that approach. Other possible sources to partially explain the "NuTeV anomaly" can be found in Ref. [67] . Notice that the present work leads to P ss =(5.7±0.6)%.
IV. SUMMARY AND CONCLUSIONS
An extended chiral constituent quark model, embodying genuine five-quark mixture in the ground state baryon octet wave functions, was presented, focusing on the sea quark content.
The formalism leads to a model with only one adjustable parameter, the value of which is fixed using the measured flavor excess ofd overū in the proton.
We examined all possible 34 five-quark configurations in baryon octet and showed that only 17 of them, corresponding to the orbital quantum number l = 1 and radial quantum number n r = 0, are relevant to the higher Fock components in the ground state octet baryons.
Our formalism allows determining contributions from each of the 17 orbital-flavor-spin configurations and identifying the most significant ones for each baryon. One onfiguration,
S , comes out as the dominant one for all the four investigated baryons.
Five other configurations play major roles in one or another baryon. We put forward predictions of our complete model for the percentage per flavor, of the sea quark contents for N, Λ, Σ and Ξ. Finally, our predictions showed that the five-quark mixture in those baryons is around 30%, of which about one fifth is due to the strange quark.
Better understanding of this nonperturbative mechanism is of course of paramount importance in the hadron spectroscopy and description of properties of baryons. But, this realm has also a crucial role in other issues related to foreseen measurements, e.g. using electromagnetic probes, proton-proton collisions, neutrino scattering, WIMP search, as outlined below.
A comprehensive tomography of the nucleon is a part of the physics program [68] of the Jefferson Laboratory (JLab) 12 GeV upgrade.
Strange sea content of the nucleon is also an important component in the processes in high-energy hadron colliders, such as W production mechanisms investigated at the LHC.
A recent work [69] shows that the W -boson production at the RHIC and LHC protonproton colliders, would provide a unique opportunity in extracting thed/ū flavor asymmetry in the proton. Another recent investigation [70] emphasizes that finding, and access to rich information on the intrinsic sea quark content of the proton, within the fixed-target experiment(AFTER) thanks to the LHC beam.
Using a Tevatron-based neutrino beam, the high energy neutrino scattering experi-ment [71] , Neutrino Scattering On Glass (NuSOnG), can allow measuring the strange sea in the nucleon through charged current opposite sign dimuon production via the following two step reactions:
improving significantly the data accuracy compared to that released by the NuTeV Collaboration [66] .
Moreover, as emphasized in Ref. [72] , the strange content of the nucleon is an important ingredient in the dark matter search. Actually, the WIMP coupling to the nucleon would proceed through coupling of the Higgs boson to the scalar quark content of the nucleon.
The dark matter cross section has been found dominated by the strange quark content of the proton, see Ref. [73] and references therein.
Future measurements will allow us deepening our understanding, of both perturbative and nonperturbative mechanisms, on the origins of antiquarks in the baryons, and their intrinsic sea quark contents. baryons. The first row for each configuration with number i is the coupling T i , followed by rows for the Conventions are the same as in Table III . -0.001 UqQM Santopinto-Bijker [34] 
